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Aim

 

Rabeprazole is metabolized to some extent by CYP2C19. The purpose of this study
was to elucidate the pharmacokinetics of each rabeprazole enantiomer in three
different CYP2C19 genotype groups.

 

Methods

 

Twenty-four healthy subjects, of whom each each were homozygous extensive metab-
olizers (homEMs), heterozygous extensive metabolizers (hetEMs) and poor metabo-
lizers (PMs) for CYP2C19, participated in our study. After a single oral dose of 20 mg
of racemic rabeprazole, the plasma concentrations of the rabeprazole enantiomers
were measured over the course of 24 h.

 

Results

 

The area under the plasma concentration–time curves (AUC) of (

 

R

 

)-rabeprazole in
homEMs, hetEMs and PMs were 1.8-, 2.2- and 2.4-fold, respectively, greater than
those of (

 

S

 

)-rabeprazole; the relative AUC ratios of (

 

R

 

)- and (

 

S

 

)-rabeprazole in
homEMs, hetEMs and PMs were 1 : 1.1 : 2.1 and 1 : 0.9 : 1.5, respectively. The
mean maximum plasma concentrations (

 

C

 

max

 

) of (

 

R

 

)-rabeprazole in homEMs, hetEMs
and PMs were 1.7-, 1.9- and 1.8-fold higher, respectively, than those of the corre-
sponding (

 

S

 

)-enantiomer (

 

P

 

 

 

<

 

 0.05). There was no difference between homEMs and
PMs in the elimination half-life of (

 

S

 

)-rabeprazole, whereas the elimination half-life
of (

 

R

 

)-rabeprazole was significantly longer in PMs than in homEMs [1.7 h (1.4, 2.0)
(mean (95% confidence interval)] 

 

vs.

 

 0.8 h (0.6, 1.0), respectively, 

 

P

 

 

 

<

 

 0.0001).

 

Conclusions

 

(

 

R

 

)-Rabeprazole disposition was influenced to a greater degree by CYP2C19 genetic
polymorphisms than was that of (

 

S

 

)-rabeprazole. The effect of CYP2C19 polymor-
phisms on the stereoselective disposition of rabeprazole was less than those of
lansoprazole and omeprazole.

 

Introduction

 

Rabeprazole [[(

 

±

 

)-sodium 2-[[4-methoxypropoxy]-3-
me thylpyridin-2-yl]-methylsulfinyl]-1

 

H

 

-benzimidazole]
is a proton pump inhibitor (PPI) that inhibits gastric acid
secretion by interacting with (H

 

+

 

/K

 

+

 

)-ATPase in gastric
parietal cells [1–3]. Rabeprazole is primarily converted
non-enzymatically to rabeprazole-thioether, but some is

oxidized to demethylated rabeprazole and rabeprazole
sulphone by CYP2C19 and CYP3A4, respectively [4–
7]. Hence, compared with omeprazole and lansoprazole,
CYP2C19 contributes less to the overall metabolism of
rabeprazole. Sakai 

 

et al.

 

 have reported that the relative
area under the plasma concentration–time curve (AUC)
ratios of omeprazole, lansoprazole and rabeprazole in
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homozygous extensive metabolizers (homEMs), het-
erozygous extensive metabolizers (hetEMs) and poor
metabolizers (PMs) were 1 : 1.7 : 7.4, 1 : 1.4 : 3.7 and
1 : 1.1 : 1.2, respectively [8]. Similar to other PPIs, ra-
beprazole also possesses a chiral benzimidazole sulfox-
ide structure and it has been commercially marketed as
a racemic mixture.

In general, the pharmacokinetics of each enantiomer
of chiral compounds differs in humans. For lansopra-
zole, the plasma concentrations of (

 

R

 

)-lansoprazole in
either healthy subjects or renal transplant recipients are
considerably higher than those of the (

 

S

 

)-enantiomer
after  administration  of  an  identical  lansoprazole
dose [9–11]. (

 

R

 

)-Lansoprazole is less influenced by
CYP2C19 genetic polymorphisms because CYP2C19-
catalysed metabolism is minimal compared with (

 

S

 

)-
lansoprazole [10, 12]. (

 

R

 

)-Lansoprazole is the main
active compound. In the case of omeprazole, the plasma
concentrations of (

 

S

 

)-omeprazole are higher and less
influenced by CYP2C19 genetic polymorphisms com-
pared with those of (

 

R

 

)-omeprazole and racemic ome-
prazole [13–15]. This finding has led to the development
of esomeprazole, the (

 

S

 

)-enantiomer of omeprazole, as
the first single enantiomer PPI. We have previously
described the kinetic disposition of rabeprazole
enantiomers in renal transplant recipients who were
CYP2C19  EMs  [11].  In  that  report,  the  AUCs  from
0  to 24 h (AUC

 

0

 

−

 

24

 

) and the elimination half-life of (

 

R

 

)-
rabeprazole were 1.2-fold greater and 1.6-fold longer,
respectively, than those of the (

 

S

 

)-enantiomer, whereas
there was no difference in the maximum plasma concen-
tration (

 

C

 

max

 

) between the two rabeprazole enantiomers.
However, no information is available on the effect of
CYP2C19 genetic polymorphisms on the enantioselec-
tive disposition of rabeprazole.

The aim of this investigation was to elucidate the
pharmacokinetics of each enantiomer of rabeprazole
among three different CYP2C19 genotype groups
(homozygous EMs, heterozygous EMs and PMs) in
healthy Japanese subjects.

 

Materials and methods

 

Subjects

 

Healthy Japanese subjects consisted of eight of each
CYP2C19 genotype: homEMs, hetEMs and PMs. There
were no differences among the three CYP2C19 geno-
types in terms of subject profiles, including age
(23.4 

 

±

 

 0.7, 24.1 

 

±

 

 4.2 and 24.0 

 

± 

 

1.3 years, respec-
tively), body weight (51.6 

 

±

 

 7.8, 56.9 

 

±

 

 9.0 and 55.6

 

± 

 

6.5 kg, respectively) and male/female ratios (2 : 6,
6 : 2 and 3 : 5, respectively). None of the subjects had a
history of significant medical illness or hypersensitivity

to any drug and none was a smoker. Furthermore, they
were not allowed to take drugs or medications during
the study periods. The study protocol was approved by
the Ethics Committee of Akita University Hospital and
Hirosaki University Hospital, and all subjects gave their
written informed consent before participating.

 

Study protocols

 

Each subject received a single oral dose of 20 mg of
rabeprazole sodium (Pariet

 

®

 

; Eisai, Tokyo, Japan) with
a glass of tap water at 09.00 h. Venous blood samples
used to determine the plasma concentration of rabepra-
zole enantiomers were taken before and 1, 2, 3, 4, 5, 6,
8, 10, 12 and 24 h after dosing. The samples were cen-
trifuged at 3000 

 

g

 

 immediately after collection and
stored at 

 

−

 

80 

 

°

 

C until analysis. All subjects fasted for
10 h before the administration of rabeprazole and had a
standard meal 4 h later. Alcohol and caffeinated bever-
ages were forbidden during the test period.

 

CYP2C19 genotyping

 

The genotyping procedure used to identify the
CYP2C19 wild-type gene and its two mutant alleles,
CYP2C19*2 in exon 5 and CYP2C19*3 in exon 4, was
a polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) method [16]. CYP2C19
genotype analysis revealed four different patterns as fol-
lows: *

 

1/

 

*

 

1

 

 in eight, *

 

1/

 

*

 

2

 

 in five, *

 

1/

 

*

 

3

 

 in three and
*

 

2/

 

*

 

2

 

 in eight subjects. Individuals with these genotype
patterns were divided into three groups; homEMs (*

 

1/

 

*

 

1

 

, 

 

n

 

 

 

=

 

 8); hetEMs (*

 

1/

 

*

 

2

 

 and *

 

1/

 

*

 

3

 

, 

 

n

 

 

 

=

 

 8); and PMs
(*

 

2/

 

*

 

2

 

, 

 

n

 

 

 

=

 

 8).

 

Reagents and chemicals

 

Rabeprazole enantiomers and omeprazole-thioether
were donated from Eisai Co. Ltd.. An Oasis HLB extrac-
tion cartridge was purchased from Waters (Milford, MA,
USA). All solvents used were of high-performance liq-
uid chromatogrphy (HPLC) grade (Wako Pure Chemical
Industries, Osaka, Japan) and all other reagents and
chemicals were purchased from either Wako Chemical
Industries or Nacalai Tesque (Kyoto, Japan).

 

Analysis of rabeprazole enantiomers in plasma

 

The plasma concentrations of rabeprazole enantiomers
were determined according to the HPLC method of
Miura 

 

et al.

 

 [11]. Briefly, omeprazole-thioether (20 ng)
in methanol (10 

 

µ

 

l) was added to the samples (100 

 

µ

 

l)
as an internal standard, then the samples were diluted
with water (1.0 ml) and the solutions were mixed for a
short time. Each mixture was applied to an Oasis HLB
extraction cartridge that had been previously activated
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with methanol and water (1.0 ml each). The cartridges
were then washed with 60% methanol in water (1.0 ml),
followed by elution with 100% methanol (1.0 ml). The
eluates were evaporated to dryness in a vacuum at 60

 

°

 

C
by a rotary evaporator (Iwaki, Tokyo, Japan). The resi-
dues were dissolved in 50 

 

µ

 

l of methanol and 50 

 

µ

 

l of
the mobile phase, and each aliquot (50 

 

µ

 

l) was injected
into the HPLC apparatus. The HPLC column used was
a Chiral CD-Ph (250 

 

×

 

 4.6 mm i.d.; Shiseido Co. Ltd,
Tokyo, Japan). The mobile phase consisted of 0.5 

 

M

 

NaClO

 

4

 

-acetonitrile (60 : 40, v/v), which was degassed
in an ultrasonic bath prior to use. A flow rate of
0.5 ml min

 

−

 

1

 

 was used at ambient temperature, with the
wavelength set at 285 nm. The lower limit of quantifi-
cation for this assay was 5.0 ng ml

 

−

 

1

 

 for each rab-
eprazole enantiomer. The coefficient of variation of
inter- and intraday assays was 

 

<

 

7.8% and the accuracy
was within 4.7% for both analytes at concentrations of
5, 50, 250, 500 and 1000 ng ml

 

−

 

1

 

.

 

Pharmacokinetic analysis

 

Pharmacokinetic analysis of the rabeprazole enanti-
omers was carried out by a standard noncompartmental
method using WinNonlin (Pharsight Co., Mountain
View, CA, USA; version 4.0.1). The elimination half-
life was obtained by log-linear regression of the terminal
phase  of  the  concentration–time  data  with  at  least
three sampling points (elimination half-life 

 

=

 

 ln2/

 

ke

 

;

 

ke = elimination rate constant). The total area under the
observed plasma concentration–time curve (AUC) was
calculated using the linear trapezoidal rule. Extrapola-
tion of AUC from the last measurable concentration (Ct)
to infinity (AUCt–∝) was performed by adding the value
Ct /ke (where Ct = plasma concentration for t hours after
rabeprazole administration). The maximum plasma con-
centration (Cmax) and time required to reach the Cmax

(tmax) were obtained directly from the profile.

Statistical analysis
All results are expressed as mean values ± standard
deviation and 95% confidence intervals (CI). Statistical
comparisons of the parameters were supplemented with
the multiple comparison procedure of Scheffe using
StatView software (SAS Institute, Cary, NC, USA; ver-
sion 5.0). A P-value of <0.05 was considered to be
statistically significant.

The necessary sample size was calculated using the
following assumption. The AUC, Cmax and elimination
half-life for rabeprazole are of the same proportion
between the EMs and the PMs, as reported in the liter-
ature (n = 6 each) [17], and so six subjects are necessary
for each genotype with α = 0.05 and β = 0.2 (power of

80%). To allow for stratification by genotype, eight sub-
jects for each group were targeted for enrolment in this
study. This analysis was performed with S-PLUS (Math-
ematical System Inc, Tokyo, Japan; version 6.0).

Results
The mean plasma concentrations of (R)-rabeprazole
were much higher than those of (S)-rabeprazole in all
three CYP2C19 genotype groups (Figure 1, Table 1).
The AUCs of (R)-rabeprazole in homEMs, hetEMs and
PMs were 1.8- (1.4, 2.1) [mean (95% CI)] (P < 0.05),
2.2- (2.0, 2.4) (P < 0.005) and 2.4-fold (2.1, 2.7)
(P < 0.0001) higher, respectively, than those of the cor-
responding (S)-enantiomer. The relative AUC ratios of
(R)- and (S)-enantiomer in homEMs, hetEMs and PMs
were 1 : 1.1 : 2.1 and 1 : 0.9 : 1.5, respectively. The
mean maximum plasma concentrations (Cmax) of (R)-
rabeprazole  in  homEMs,  hetEMs  and  PMs  were
1.7- (1.5, 2.0) (P < 0.05), 1.9- (1.7, 2.0) (P < 0.05) and
1.8-fold (1.3, 2.3) (P < 0.005) higher, respectively, than
those of the corresponding (S)-enantiomer. However,
there were no significant differences for the mean Cmax

values of (R)- or (S)-rabeprazole across the three
CYP2C19 genotype groups. In contrast, although there
was no difference in the elimination half-life of (S)-
rabeprazole across the three different CYP2C19 geno-
type groups, the elimination half-life of (R)-rabeprazole
was significantly longer in PMs than in homEMs
(P < 0.0001).

Discussion
In the present study, we examined the pharmacokinetics
of rabeprazole enantiomers in relation to CYP2C19 gen-
otype status by administering 20 mg of racemic rabepra-
zole to healthy Japanese subjects. We found no
statistically significant differences in the pharmacoki-
netics of (S)-rabeprazole between homEMs and PMs.
However, our results showed that the pharmacokinetics
of (R)-rabeprazole were more intensely affected by
CYP2C19 polymorphisms than those of the (S)-
enantiomer. The elimination half-life of (R)-rabeprazole
in PMs was significantly longer than in homEMs
(P < 0.0001), whereas there was no significant differ-
ence in Cmax value between homEMs and PMs
(P = 0.0721). A power analysis based on the observed
differences revealed that more than six subjects of each
genotype would have been necessary to demonstrate
statistical significance with a power of 0.8. The power
between homEMs and PMs calculated from our present
data, which consisted of eight of each genotype, was
0.478 for the Cmax value of (R)-rabeprazole and 0.677
and 0.665, respectively, for the AUC and Cmax of (S)-
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rabeprazole. In the present study, there was no
CYP2C19-specific genetic effect on the first-pass
metabolism of either rabeprazole enantiomer.

In CYP2C19 EMs, the Cmax of (R)-rabeprazole was
significantly higher than that of the (S)-enantiomer
(P < 0.05),  but  the  elimination  half-life  did  not  differ
for the two enantiomers. On the other hand, in
CYP2C19 PMs, the Cmax and the elimination half-life of
(R)-rabeprazole were significantly higher and longer,
respectively, than those of the (S)-enantiomer (P < 0.005
and P < 0.0001, respectively). Racemic rabeprazole has
a low oral bioavailability of about 52% because of
extensive first-pass metabolism [18]. Instability of (S)-
rabeprazole in the human body seems to cause the low
bioavailability of racemic rabeprazole. The significant
difference in Cmax between the rabeprazole enantiomers
may be due to the stereoselective reduction of (S)-
rabeprazole into rabeprazole thioether by non-
enzymatic means, or stereoselective oxidation into
rabeprazole sulphone by CYP3A4. However, no infor-
mation is available about the stereoselective properties
of rabeprazole metabolism from in vitro studies with
human liver microsomes. The AUC ratios for (R)-
rabeprazole to (S)-rabeprazole in homEMs, hetEMs and
PMs were 1.8, 2.2 and 2.4, respectively. Hence, the R/S
ratio for the AUC in PMs was 1.3-fold higher than in
homEMs (P < 0.05).

The degree to which CYP2C19 participates in the
overall metabolism of rabeprazole has been reported to
be much less compared with that of lansoprazole and
omeprazole [5, 8, 19, 20]. The R/S ratios for the AUC
of lansoprazole in homEMs, hetEMs and PMs are 12.7,
8.5 and 5.8, respectively [10], and the R/S ratios for the
AUC of omeprazole in EMs and PMs are 0.5 and 1.7,
respectively [13]. Thus, in comparison with lansopra-
zole and omeprazole, the enantioselective disposition of
rabeprazole is less affected by CYP2C19 genetic
polymorphisms.

The pharmacokinetics of rabeprazole enantiomers in
the present study using healthy CYP2C19 EM subjects
differed from those reported in CYP2C19 EM renal
transplant recipients receiving tacrolimus [11]. The
mean Cmax values of (S)-rabeprazole are higher and the
elimination half-life of (R)-rabeprazole is longer in renal
transplant recipients on tacrolimus, a substrate of
CYP3A4 [21, 22], than in our present study’s healthy
subjects. CYP3A4 is also the high-affinity enzyme
responsible for rabeprazole sulphone formation. Further
studies may be needed to elucidate the interactions
between rabeprazole and tacrolimus.

The difference in the pharmacological activity
between (R)- and (S)-rabeprazole has not yet been estab-

Figure 1
Mean ± SD plasma concentration–time profiles of (R)-rabeprazole (�) 

and (S)-rabeprazole (�) for A: homozygous extensive metabolizers (EMs); 

B: heterozygous EMs; and C: poor metabolizers, after a 20-mg oral dose 

of racemic rabeprazole
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lished. Therefore, it is difficult to evaluate clinical out-
comes based on our results. Even if the pharmacological
activity of racemic rabeprazole is predominantly medi-
ated by one enantiomer, the pharmacodynamics of each
rabeprazole enantiomer would be less affected by
CYP2C19-related genetic differences compared with
omeprazole and lansoprazole. Especially in the case of
(S)-rabeprazole, the influence of CYP2C19 polymor-
phisms is likely to be small.

In conclusion, the present study indicates that the
plasma concentrations and the degree of CYP2C19-
mediated metabolism of (R)-rabeprazole are higher
and greater, respectively, than those of the (S)-
enantiomer. However, the R/S ratios for the AUC of
rabeprazole in homEMs, hetEMs and PMs are 1.8, 2.2
and 2.4, respectively, suggesting a lesser effect of
CYP2C19 polymorphisms on the stereoselective dis-
position of rabeprazole compared with lansoprazole
and omeprazole.

We thank Eisai Co. Ltd. (Tokyo, Japan) for providing the
rabeprazole enantiomers. This work was supported by
a grant (no.17923061) from the Japan Society for the
Promotion of Science, Tokyo, Japan.
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